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The Role of Comparison in Children’s Early 
Word Learning 


Dedre Gentner and Laura L. Namy 


Current theories of word learning, and of language acquisition more 
generally, have turned increasingly toward domain-general cognitive 
and social explanations of children’s acquisition of language. For 
much of its history, a central goal of language-acquisition research 
has been to characterize the language-acquisition device. Recent 
work has begun to explore the role of general learning processes 
in children’s language acquisition. There is increasing support 
for the idea that general learning mechanisms, guided by social- 
interactional knowledge, operate in encoding and processing both 
the incoming stream of language and the informational structure of 
the environment. These mechanisms appear to facilitate all aspects 
of language learning—speech segmentation, word learning, and 
perhaps even the acquisition of grammar. Of particular interest for 
this chapter is the role of domain-general mechanisms in children’s 
lexical development. 


17.1 General Processes and Word Learning 


In this section, we provide an overview of some recent work that 
supports the notion that general cognitive and social processes sup- 
port early word learning. Some of these processes account for how 
children identify words in the input, others speak to how children 
identify referents and accomplish the word-referent mapping. All are 
consistent with the argument that word learning is achieved on the 
basis of domain-general principles. 
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An early proposal for domain-general learning processes in lan- 
guage acquisition was formulated by Slobin (1973). He proposed a 
set of information-driven operating principles for language learning 
that describe how children’s success at learning new forms may be 
predicted by aspects of the input such as regularity and salience. 
In particular, the acquisition of new words is influenced by their 
salience in the input, as determined by position in the sentence 
(e.g., phrase-final position) and intonational emphases. Thus, Slobin 
argued that word learning may be supported by general perceptual 
and attentional biases, and not solely by insight into linguistic struc- 
ture per se. 

Samuelson and Smith (1998, 2000) have argued strongly that 
“dumb” attentional and associative mechanisms drive early word- 
to-referent mappings. They demonstrate that increasing the salience 
and distinctiveness of a stimulus object is sufficient to heighten chil- 
dren’s attention to it such that a subsequent ambiguous naming event 
will be mapped to the salient object (Samuelson and Smith 1998). 
These studies document how readily children can capitalize on low- 
level perceptual and attentional cues in the learning environment to 
map novel words to the correct referents. They have also made a case 
that children’s reliance on particular properties such as shape as a 
basis for word extension (Baldwin 1992; Imai, Gentner, and Uchida 
1994; Landau, Smith, and Jones 1998) is based on regularities in pa- 
rental naming input to their young children (Samuelson and Smith 
2000). Their studies suggest that children’s natural sensitivity to reg- 
ularities in the input can yield systematic word interpretations and 
extensions. Indeed, they have demonstrated experimentally precisely 
how readily regularities in the input facilitate word learning. Re- 
markably, they show that experimentally inducing a shape bias by 
teaching children object names that are well organized by shape 
results in a heightened rate of vocabulary development relative to 
children in control conditions who receive no training or training 
based on variable patterns of input (Smith et al. 2002). 

Work by Namy and colleagues, Woodward, and others has pro- 
vided an additional demonstration that domain-general mechanisms 
may drive early word acquisition. These studies have revealed that 
early in word learning, children are sensitive to the social-referential 
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cues that signal a naming event, but appear to be agnostic with re- 
spect to the form or modality that a symbol may take. That is, chil- 
dren appear to have no priority for acquiring words over other types 
of signals as object names, early in development. For example, Namy 
(2001) introduced 18-month-old children to a range of different sym- 
bolic media as names for object categories, including words, gestures, 
nonverbal sounds, and pictograms, all embedded in a familiar social- 
referential naming routine. Interestingly, children reliably mapped 
each of these symbolic forms to the object categories, interpreting all 
four symbol types as object names. However, Campbell and Namy 
(2003) have found that the same-aged children fail to map either 
words or nonverbal symbols to objects if they are removed from the 
naming routine. This evidence implies that early in word learning, 
children utilize general social communicative cues and not domain- 
specific expectations about language to infer a symbolic relation be- 
tween a word and its referent. These findings are bolstered by 
observational studies that report children’s frequent use of gestures 
as names for things during the initial period of lexical acquisition 
(Acredolo and Goodwyn 1985, 1988). Studies by Namy and Waxman 
(1998, 2000) and by Woodward and Hoyne (1999) demonstrate that 
over time, children eventually derive an expectation that names for 
things should occur predominantly in the verbal modality and in 
particular syntactic constructions. Thus children derive increasingly 
more domain-specific expectations with experience. Importantly, 
these specific expectations about the principles that govern word 
learning are derived from an earlier, more general capacity to map 
signals to referents on the basis of social-referential cues. 

Paul Bloom (Bloom 1999, 2001; Markson and Bloom 1997; Bloom, 
chapter 7, this volume) has also argued strongly against a dedicated 
system for word learning. He suggests that general cognitive pro- 
cesses can account for the ability to map words to meaning. He 
argues that some of the phenomena that have been taken as evi- 
dence that there are domain-specific word-learning capacities (such 
as the naming explosion) do not accurately represent children’s lan- 
guage development, while others generalize to other types of learn- 
ing. For example, Markson and Bloom (1997) demonstrate that the 
“fast-mapping” phenomenon that has been much discussed within 
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the context of word learning is a general phenomenon that extends 
to children’s retention of novel general facts about objects as well 
as novel object names (but see also Waxman and Booth 2000 for an 
alternative view). 

Another proposal based on the idea that domain-general mecha- 
nisms drive early word learning is Gentner’s (1982) natural partitions 
hypothesis, introduced to explain the early advantage for nouns over 
verbs in children’s lexicons (see also Gentner and Boroditsky 2001). 
Gentner derives the noun advantage from general cognitive and per- 
ceptual processes operating over the perceived information in the 
environment. In word learning, a child must not only isolate a piece 
of speech from the ongoing speech stream, but must also match 
that sound sequence with the correct piece of information from 
the world. In Gentner’s account, certain constellations of informa- 
tion are reliably parsed out of the perceptual scene early in infancy 
more readily than others. For example, Gestalt perceptual princi- 
ples such as common fate (i.e., that parts of an object move as one) 
and goodness of form, such as regular structure (Baillargeon 1993; 
Spelke 1990), lead infants to individuate animate beings and coher- 
ent objects, which tend to be crosslinguistically lexicalized as nouns 
(including proper nouns). Because the referents are easily picked 
out, the child has only to learn their names, This is not the case for 
verbs, however. 

This brings us to the second part of Gentner’s thesis, the relational 
relativity principle, which states that the meanings of even “concrete” 
verbs and prepositions vary more across languages than do those of 
concrete nominal terms (Gentner 1981; Gentner and Boroditsky 
2001). Informally, this principle states that there are more ways to 
make verbs out of the information in the world than there are to 
make nouns. The range of humanly natural ways to combine seman- 
tic components into the meanings of verbs and prepositions is greater 
than the corresponding range for nominal terms. This means that, 
even when the semantic components that make up verb meanings 
are highly salient, children cannot be sure how to partition the rela- 
tional information into word meanings. For example, Bowerman 
(1974, 1978) reports many causative errors in her own children’s 
language at around 2—4 years, such as “But I can’t eat her!” (mean- 
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ing “I can’t make her eat”) and “Down your little knee” (meaning 
“make your knee go down”). These errors reveal semantic ambiguity 
in verbs and other relational terms. In learning verb meanings, chil- 
dren face not only the problem of discovering the correct word (as 
for nouns), but also the problem of partitioning the available infor- 
mation into word meanings. Thus, Gentner argues that the noun 
bias results from general cognitive encoding mechanisms that oper- 
ate over the perceived information in the environment to more 
readily yield object names than event and relation names. 

Childers and Tomasello (2002) asked whether the acquisition of 
nouns and verbs is influenced by a classic principle of general learn- 
ing research, namely, the advantage of spaced over massed presen- 
tation. They taught 2-year-olds new nouns and verbs, or demonstrated 
new actions without naming, and later assessed their ability to com- 
prehend the new terms or to reenact the actions. There were two 
main conclusions. First, consistent with Gentner’s claims, the learn- 
ing rates differed across nouns, verbs, and action imitations: imi- 
tations were learned best, followed by nouns, with verbs last. Second, 
all three categories were learned better when the demonstrations 
were spaced over several days rather than concentrated on one or a 
few days. This supports the claim that general learning processes 
hold for lexical acquisition. 

Another line of theorizing, which might be termed the socal- 
referential or pragmatic view of language acquisition, also supports 
the idea that domain-general knowledge and processes facilitate 
word learning. Baldwin, Akhtar, Tomaselio, and their colleagues 
have demonstrated that general social-referential cues and prag- 
matic principles guide early word learning. For example, Baldwin 
and Markman (198°) have found that infants as young as 12 months 
employ the basic ability to follow an adult’s gaze in order to infer the 
referent of a novel label produced by the adult. Although Baldwin 
finds an initial sensitivity to the referential nature of language at the 
very outset of word learning, children’s ability to monitor and em- 
ploy referential cues to naming develops gradually over time. For 
example, children as young as 12 months regard naming as a refer- 
ential act, examining an object more when it is named than when it 
is presented in silence. Baldwin interprets this finding as evidence of 
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a rudimentary appreciation that words refer to objects. However, it is 
not until around 18 months that children can use eye gaze to ascer- 
tain which of two possible objects an adult is labeling, independent 
of their own focus of interest. When children are presented with 
two objects and the experimenter directs her attention and labeling 
to the object to which the child is not attending, it is not until 18 
months that children reliably employ social-referencing cues to de- 
termine the intended reference of the experimenter’s label (Baldwin 
1993). Furthermore, it is not until 19 to 20 months that children can 
infer that an adult is labeling an object that is obscured from the 
child’s view during the labeling event (for example, when the exper- 
imenter looks into a container and labels its contents, which are 
hidden from the child’s view). Baldwin concludes that infants’ devel- 
oping ability to employ referential cues in the service of language 
acquisition is a product of developing insights into social cognition 
and social interactions more generally. 

Tomasello, Akhtar, and colleagues have also demonstrated an 
increasing appreciation of adults’ cues to their intentions during 
labeling in children between 18 and 24 months. For example, Tom- 
asello, Strosberg, and Akhtar (1996) found that children used socio- 
emotional cues such as facial expression to appropriately map a 
novel name to a desired target object. In this study, the experimenter 
presented a labeling event such as “Let’s go find the wug!” with no 
visible referent. The experimenter then walked with the child over to 
a row of buckets with lids and removed the lid from one bucket to 
extract a toy. The experimenter reacted to the toy with either a sat- 
isfied smile or a frown and a headshake. The experimenter then 
went on to extract a toy from a second bucket and provided the 
opposite emotional reaction from the first toy. When children were 
subsequently tested on their mapping of the label to the target 
object, they demonstrated a successful mapping of the label to the 
object at which the experimenter had smiled, even when the dis- 
tractor was viewed (with a frown and headshake) betwee: the nam- 
ing event and the locating of the target object. 

Tomasello and colleagues have also demonstrated a comparable 
early sensitivity to adult intentions in other tasks that do not involve 
language. For example, Carpenter, Akhtar, and Tomasello (1998) 
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find that children selectively imitate intentional and not accidental 
actions as young as 14 months (see also Meltzoff 1995). Based on 
these findings, Tomasello and colleagues have argued that early 
word meanings are derived by establishing an intersubjective under- 
standing of the communicative intentions of the communicator. 
More recently, Woodward (see, e.g., chapter 5, this volume) has 
argued that these social-pragmatic abilities may be grounded in early 
action routines. Children’s developing understanding that actions 
on objects imply interest in and attention to the objects themselves 
enables them to extract the relation between a labeling event (a type 
of action) and the label’s referent. 

In sum, the possibility that general learning mechanisms can ac- 
count for aspects of language learning has garnered a great deal of 
empirical and theoretical evidence. What is called for now are specific 
proposals as to the mechanisms involved, how and when these mech- 
anisms develop, and under what circumstances these mechanisms 
are invoked. In this chapter we focus on one important domain- 
general learning mechanism, namely, comparison processing. In 
particular, we propose that the process of comparison—defined 
more precisely below as structural alignment and mapping—oper- 
ates in children’s early word learning and is instrumental in de- 
riving the meanings of words. We argue that the ability to store 
and compare multiple similar experiences can yield insight into 
word meaning. In the following sections, we outline the structure- 
mapping mechanism and describe how it facilitates word learning. 
We end with some speculations concerning the role of structure 
mapping in other aspects of language learning, such as grammatical 
development. 


17.2 Structure Mapping as a Domain-General Learning Mechanism 


The proposal that comparison can promote deep learning is based 
on research in analogy and similarity (Gentner 1983, 1989; Gent- 
ner, Holyoak, and Kokinov 2001; Gick and Holyoak 1983; Holyoak 
and Thagard 1989). According to Gentner’s (1983, 1989) structure- 
mapping theory, comparison acts to highlight commonalities, partic- 
ularly relational commonalities, that may not have been noticed 
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prior to comparison (Wolff and Gentner 2000). The process of 
structural alignment operates to promote common relational struc- 
ture, because of its relational focus and bias toward deep common 
systems (for details, see Falkenhainer, Forbus, and Gentner 1989; 
Gentner and Markman 1997). Thus when two representations are 
aligned, common structure is preferentially highlighted. This can 
result in the extraction of common higher-order relational structure 
that was not readily evident within either item alone. 

One implication of the claim that structural alignment heightens 
the salience of common structure is that comparison processes 
should promote performance on tasks requiring sensitivity to rela- 
tional structure. In fact, there is considerable evidence that children 
(and adults; see, e.g., Gentner, Loewenstein, and Thompson 2003; 
Gick and Holyoak 1983; Kurtz, Miao, and Gentner 2001; Loewen- 
stein, Thompson, and Gentner 1999) who are encouraged to engage 
in comparison subsequently succeed at more difficult or more ab- 
stract tasks than children who have not engaged in comparison. This 
effect of alignment in promoting abstraction is evident across a wide 
span of ages and cognitive tasks. 

For example, Loewenstein and Gentner (2001) found benefits 
of comparison on preschool children’s ability to perform a spatial 
mapping task from one model room to another. The basic task was a 
search task like that used by DeLoache (1989). Fido’s bone was hid- 
den in the first room (the Hiding room) and the child was told to 
find Rover’s bone in another model room. The “Finding room” in 
which the child searched had the same configuration as the prior 
model(s), but was perceptually rather different. Prior to the task, half 
the children (the Comparison group) were shown the Hiding room 
and another room identical except for color, and were asked to 
explicitly point out correspondences between the two rooms; the 
experimenter pointed to each object in one room, and the child 
pointed to its corresponding object in the other. The other half of 
the children (the Control group) were shown these two rooms 
sequentially and discussed each of the objects, but were not asked to 
identify correspondences between the two rooms. All children then 
engaged in the mapping task described above between the Hiding 
room and the Finding room. Children who engaged in the compari- 
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Pretraining 


Comparison group Separate-room group 
point out correspondences point out functions 


Finding 
task 


Figure 17.1 
The model-room task used by Loewenstein and Gentner (2001). 


son task performed better than did children who viewed the first two 
rooms separately. (See figure 17.1.) It appears that comparison en- 
abled children to form a more articulated relational schema and to 
transfer the spatial relations in the initial model to the Finding room. 

In another task, Kotovsky and Gentner (1996) demonstrated that 
comparison heightens children’s insight into relational common- 
alities. In this study, 4-year-old children were given a forced-choice 
task in which they were shown a standard display that depicted a 
particular pattern (such as size symmetry, e.g., V-v-V) and were asked 
to determine which of two comparison figures was most similar. Both 
alternatives were made up of the same objects, but one had a rela- 
tional configuration that matched the standard and the other did 
not. In one condition, the comparison figures varied along the same 
dimension as the standard (such as size to size)—for example, VvV 
(standard) with O-o0-O versus O-O-o (alternatives). In the other con- 
dition, the same abstract pattern was depicted along a different 
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dimension from the standard (such as size to color)—for instance, 
VvV (standard) with X-X-X versus X-X-X (alternatives). Four-year-olds 
could reliably choose the relational match on within-dimension 
trials, but were at chance on cross-dimensional matches—even those 
who performed extremely well on within-dimension trials. The 4- 
year-olds could match the higher-order relation of symmetry only 
when it was instantiated over the same dimension as the standard. 
They required substantial perceptual similarity to support the rela- 
tional match. 

Kotovsky and Gentner (1996) suggested that repeated within- 
dimension comparisons—which children are demonstrably able to 
align—might enable children to abstract the higher-order regu- 
larity, and thus facilitate their ability to see the more difficult 
cross-dimensional matches. To test this possibility, the same set of 
comparisons was given in a blocked fashion. A new group of 4-year- 
olds was given first the within-dimension trials and then the cross- 
dimensional trials (all without feedback, as before). Children in this 
condition who responded correctly to the initial within-dimension 
trials also performed above chance on the crossdimension trials. 
This result suggests that repeated within-dimension comparisons 
led children to notice the common higher-order relational structure 
and prepared them to see that same common structure in the cross- 
dimensional matches. 

Infants also benefit from comparison experience on object- 
recognition and discrimination tasks. For example, infants perform 
better on a facial-recognition task if they are given the opportunity 
to compare the target face from two different angles (Fagan 1978). 
Oakes (2001) has demonstrated that 4- to 6-month-old infants more 
readily form perceptual categories such as dog (and discriminate dogs 
from perceptually similar cats) when the infants are given the oppor- 
tunity to view and compare objects in pairs than when the objects are 
presented one at a time. 


17.3. Alignment and Word Learning 


There is evidence that structural alignment facilitates lexical devel- 
opment. When children encounter a novel word, they must deter- 
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mine the meaning of the word and the range of instances to which it 
can be applied. That is, children must go beyond simply attaching 
labels to their referents. We propose that the accrual of multiple 
exemplars named by the same term encourages children to compare 
the exemplars. Gentner and Medina (1998) refer to this process as 
symbolic juxtaposition. By comparing instances that share a label, chil- 
dren are able to discover the common basis for the shared label, 
enriching their understanding of the category. 

Such a process has an important role in allowing for further gains 
in insight after the initial registration of a word’s meaning. In early 
learning, children often encounter word usages that they do not fully 
understand. In some of these cases they may store interpretations 
that are faithful to the context of learning, without fully grasping the 
adult meaning. The structural-alignment process provides a learning 
mechanism whereby children can retain specific instances and then 
compare across the instances to discover a word’s meaning. Beyond 
this, we conjecture that comparison across word meanings may help 
children to discover the semantic regularities inherent in a particular 
language. 

There is increasing evidence for the power of comparison to facil- 
itate insight into word learning. Below we review and discuss our 
work on the role of comparison in children’s acquisition of object 
names. We also review work by Gentner and colleagues on the ac- 
quisition of part names and relational names, as well as work by 
Waxman and Klibanoff on the role of comparison in adjective ac- 
quisition, and by Bowerman on the role of comparison in the acqui- 
sition of spatial terms. Taken together, this work makes a compelling 
case for the central role of comparison in children’s word learning, 
across a range of grammatical form classes. 


17.4. Comparison and the Acquisition of Object Names 


Not surprisingly, children often depend on perceptual similarity as a 
basis for word extension, applying a novel word to multiple objects 
that share shape or other distinctive features with the exemplar on 
which the label was learned. For example, young children often 
make naive but systematic mistakes such as calling horses and cats 
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doggies (Clark 1973). This pattern suggests that children have rela- 
tively shallow representations of the meaning. 

This bias toward perceptual similarity as'a basis for word extension 
might be a reasonable heuristic for young children, given their in- 
complete knowledge of causal and functional properties and how 
they enter into word meaning. The high correlation between percep- 
tual similarity and conceptual similarity for the basic-level categories 
that predominate in preschoolers’ lexicons means that perceptual 
similarity is often a good guide to a word’s extension (Gentner 1978; 
Imai, Gentner, and Uchida 1994). However, this strategy is clearly 
not viable in the long term as a dominant approach to category 
learning. The question at hand, then, is how children come to ap- 
preciate nonobvious functional and relational commonalities among 
a word’s referents. 

We propose that structural alignment can aid children’s learning 
of the appropriate range of referents for a novel word by elevating 
the salience of relational knowledge that might otherwise remain 
shadowy and implicit. Specifically, we claim that hearing common 
labels applied to multiple entities invites children to engage in com- 
parison processes, and that the process of comparison highlights ad- 
ditional conceptual commonalities that are not immediately evident 
on surface-level inspection. If comparison renders relations more 
salient, and if common labels encourage comparison, this process 
might enable children to override compelling perceptual common- 
alities in favor of deeper conceptual ones. 

Our work has demonstrated that this is the case. We experimen- 
tally manipulated the children’s opportunity to compare objects from 
a given category and then tested their word extension, pitting a per- 
ceptual match against a perceptually dissimilar taxonomic match. In 
our initial studies (Gentner and Namy 1999), we manipulated the 
opportunity to compare by presenting children with either a single 
instance or multiple perceptually similar instances of the category 
before eliciting their word extensions. For example, children might 
have seen either one standard (e.g., an apple) or two standards (e.g., 
an apple and an orange) from the fruit category. After learning a 
novel puppet name for the standard(s) such as blicket, the child was 
asked to choose another blicket from a set including a perceptually 
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ONE STANDARD TWO STANDARDS 
“This ts a blicket.” “This is a blicket, and 
this is also a blicket.” 


“Which one of these is a blicket?” 


Loe eg 
/ gas 


PERCEPTUAL TAXONOMIC 
CHOICE CHOICE 
Figure 17.2 


Sample materials used in the Gentner and Namy 1999 study. The one-standard con- 
dition was run with each of the two standards as the separate standard. 


similar object from a different taxonomic category (e.g., a balloon) 
or a perceptually dissimilar object from the same object category 
(e.g., a banana), as shown in figure 17.2. 

The standards were designed so that when either was presented 
singly, the children chose the perceptually similar alternative. If 
children compute similarity merely by concatenating surface com- 
monalities, they should select the perceptual match in both condi- 
tions. Indeed, seeing two standards that are both more similar to the 
perceptual choice than to the category choice should, if anything, 
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increase perceptual responding, relative to viewing a single standard. 
However, if comparing instances induces a structural-alignment 
process, children who view two standards may be led to focus on 
a common relational structure that they may typically not notice 
explicitly—-such as how the objects are used and what causal activ- 
ities they normally participate in. Thus, the prediction of structural- 
alignment theory is that comparison should lead to a shift toward 
category responding, despite strong perceptual similarity between 
the standard instances and the perceptual choice. 

This is precisely what we found. When shown both standards to 
gether, children chose the conceptual match, despite preferring the 
perceptual match for either of the standards presented singly. This 
outcome provides critical evidence that comparison facilitates word 
extension on the basis of conceptual, and not merely perceptual, 
features. This remarkable finding that even when both standards 
individually support a perceptual choice, the two together can be 
aligned to reveal a common conceptual basis of responding suggests 
a solution to the perceptual-dependence problem discussed above. 
Seen in this light, children’s use of perceptual features as a basis for 
word learning may in fact be a constructive heuristic when faced with 
lite information about a category. Perceptual commonalities serve 
as the initial “hook” that encourages children to engage in compari- 
son and extract deeper relational commonalities. Such relational 
commonalities may include common function (e.g., both are edible), 
mechanical causal relations (e.g., both are strong so they can bend 
things), biological causal relations (e.g., both need water to grow), role 
relations (e.g., both grow on trees), and progeneration (e.g., both have 
bales that look like the adults but smaller). We suggest that it is these 
relational systems that provide the theorylike aspects of concepts and 
categories. In a sense, we can think of the child as using percep- 
tual similarity as her initial approach, moving via alignment toward 
something more like a theory-based common structure. 

In other studies, we have demonstrated that hearing a common 
label encourages children to engage in comparison. We compared 
children’s performance on the word-extension task when they were 
either given a novel label for the standard(s) or were simply asked to 
“find another one” without learning a novel label for the standards 
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(Gentner and Namy 1999). We found that comparison influenced 
performance in both the label and no-label condition. However, the 
effect was more pronounced and elicited greater category-based. 
responding when common labels were used than in the no-label 
condition. This suggests that having a common label invites compari- 
son processes. 

In subsequent studies, we have gone further to probe the relation 
between common labels and alignment processes. Namy and Gent- 
ner (2002) demonstrated more clearly that presenting two percep- 
tually similar members of a category is not by itself sufficient to elicit 
taxonomic, as opposed to perceptual, responding. Rather, children 
must be encouraged to engage in an alignment process, and com- 
mon labels prove to be a way of promoting alignment. Children were 
assigned to either a Unifying Label or Conflicting Label condition. 
In both conditions, children were shown two standard objects from 
the same category. As before, they were asked to select a match for 
the standards, choosing between a perceptually similar out-of-kind 
object and a perceptually similar member of the same taxonomic 
category. Those in the Unifying Label condition heard both stan- 
dards labeled with the same novel word (e.g., “This is a blicket, and 
this is also a blicket!”). Those in the Conflicting Label condition 
heard the two standards labeled with different novel words (e.g., 
“This is a blicket and this is a daxen!”) As in our previous studies, 
children who heard a Unifying label reliably selected the taxonomic 
match. In contrast, those who heard the Conflicting labels predom- 
inantly selected the perceptual match, as did children viewing a sin- 
gle standard object in the previous studies. 

These results indicate that alignment is invited by hearing a com- 
mon label for two exemplars. Our results also show that alignment 
processes are used to extend novel words to new instances. Thus, we 
suggest that the relation between alignment and word learning is a 
true bootstrapping relation. Hearing a common term invites align- 
ment, which is then used to extend the term to new exemplars. 

Now we can return to the question of how attention to perceptual 
similarities in word extension can (paradoxically) promote atten- 
tion to deeper commonalities. Given that (as the above results dem- 
onstrate) the comparison process is such that common relational 
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structure is preferentially highlighted, even though children’s atten- 
tion is often initially drawn to surface commonalities between two 
exemplars, the full process of comparison will result in highlighting 
any further relational commonalities that may be present. Given this 
and.the fact that “dumb” surface-level commonaz ‘ties are often highly 
correlated with deep, relational commonalities (for example, fins 
and gills are correlated with a different type of breathing apparatus 
than are legs and fur), these surface commonalities may act as initial 
invitations to compare, and thus point the way to deeper common- 
alities that become salient when the child carries out a comparison. 
Interestingly enough, a similar argument has been made in the area 
of adult problem solving. Brooks (1978, 1987), Ross (1984, 1987, 
1989; Ross, Perkins, and Tenpenny 1990), and others have argued 
that accessing prior problems from memory based on surface simi- 
larity and then mapping the prior problems to the current problem 
may result in analogical abstraction processes that yield useful 
generalizations. 

These interactions between alignment and word learning extend 
to category-based induction tasks as well as to word-learning tasks. 
For example, Davidson and Gelman (1990) taught 4-year-olds a 
property for a standard animal, and asked whether other target ani- 
mals would also have the property. The first two studies utilized four 
types of target animals in an orthogonal design: they could either 
have the same category label as the standard or not, and could either 
be perceptually similar to the standard or not. The results showed 
that children made property inferences based on perceptual similar- 
ity but not common labels for both novel and familiar labels. In the 
third study, the relation between perceptual similarity and common 
category was made more transparent, by omitting one of the con- 
flicting items (either the differentlabel/similar item or the same- 
label/dissimilar item). In this study, children were willing to extend 
inferences not only to the “natural” items (i.e., the perceptually 
similar items with the same category label) but also to the nonobvious 
items (e.g., objects with the same label that were not perceptually 
similar). In this way, perceptual similarity and word learning often 
collaborate. Perceptual commonalities facilitate the initial alignment 
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process given a common label, which can then take the lead in 
extending the category to further, less transparent instances. 


17.5 Beyond Nominal Categories i 
So far we have considered how comparison can aid in the learning of 
nouns denoting categories of objects or entities. We now turn to the 
role of comparison in learning other kinds of word meaning. 


17.5.1 Learning Adjectives 


The studies described above examine the role of comparison in 
children’s acquisition of object names. However, there is evidence 
that comparison processes also play an important role in the acquisi- 
tion of other kinds of word meanings. A series of studies by Waxman 
and Klibanoff (2000; Klibanoff and Waxman 2000) has demon- 
strated that structural alignment plays an important role in 3-year-old 
children’s ability to map novel adjectives to the appropriate object 
property (such as color or texture). They designed a forced-choice 
adjective-learning task. The experimenter applied a novel adjective 
such as blicktsh to an object and then asked the child to select 
another blickish one between an object that has the same object 
property (e.g., bumpy) and one that has a different object property 
(e.g., smooth). Children were assigned to either the high-similarity 
“within-basic” condition, in which the set of objects were identical 
except for the target property, or the moderate-similarity “across- 
basic” condition, in which the choice objects were moderately similar 
but drawn from a different basiclevel object category than the stan- 
dard. Children in the “within-basic” condition were better able to 
extend the adjective than those in the “across-basic” condition. This 
is expected because the alignment is easier for high-similarity pairs. 
More interestingly, children who first successfully extended the ad- 
jective to the correct within-basic object subsequently performed well 
on the across-basic task. These findings suggest that children are 
performing an alignment on the “within-basic” sets, enabling them 
to identify the single property shared by the target and the correct 
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choice and not shared by the incorrect choice. Even more impressive 
is that performing this alignment seems to have led children to a 
more portable understanding of the relation between the adjec- 
tive and the object property. As in Kotovsky and Gentner’s studies, 
making close-similarity alignments facilitated the ability to make fur- 
ther alignments with less perceptual support. 


17.5.2 Learning Part Names 


Using a similar paradigm, Gentner, Loewenstein, and Hung (2002) 
have demonstrated that alignment processing can facilitate the ac- 
quisition of part names. They created triads of “Martian creatures” 
with a standard that had a target body part and two forced-choice 
alternatives, one of which had the part while the other did not (see 
figure 17.3). They introduced children to a novel part name, saying, 


“This one has a blick, 


Which one of these has 
a blick?” 


HIGH SIM 


LOW SIM 


Figure 17.3 
Sample materials used in the part-naming task by Gentner, Loewenstein, and Hung 
(2002). 
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for example, “Look—This one [the standard] has a wug. Can you 
show me which one of those has a wug?” The children then selected 
among two forced-choice alternatives that were either perceptually 
similar to the standard, or perceptually distinct from the standard. As 
would be predicted from the ease of aligning closely similar exem- 
plars, children more successfully applied the part term when the 
alternatives were highly similar to the standard. 

To test whether close alignment could facilitate far alignment, in a 
second study children received two choice sets for each standard. 
Half the children received a high-similarity pair of choices, followed 
by a low-similarity pair. The other half received a low-similarity 
choice pair followed by another low-similarity pair. The prediction 
from structure-mapping theory is that the first group, which experi- 
enced a “foolproof” alignment on the first trial, would perform 
better on the second trial than the second group, even though the 
second group had more actual practice with low-similarity items. The 
results bore out this prediction. As in previous studies, children who 
received the high-similarity items first were subsequently more suc- 
cessful on the low-similarity items than children who had an equal 
amount of experience with only low-similarity items. 


17.5.3 Learning Relational Nouns 


Gentner and Klibanoff (2002) document the benefit of alignment 
and mapping in the acquisition of names for relational categories. 
Relational categories are categories whose membership is determined 
by a specific relation that category members have with another entity 
or category. This relation may be either temporary or enduring. 
Examples of relational nouns are gift, surprise, brother, accident, and 
home. Although such categories are common, learning their mean- 
ings might be expected to be challenging for young children, because 
of the early focus on object terms discussed previously (Gentner 
1982; Gentner and Boroditsky 2001; Goldin-Meadow, Seligman, and 
Gelman 1976; Markman 1989; Waxman and Markow 1995). The dif- 
ficulty of learning relational terms relative to object terms holds not 
only across form class—as in the advantage of nouns over verbs—but 
also within the nominal class (Gentner and Rattermann 1991). For 
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example, Hall and Waxman (1993) found that 3.5-year-olds had dif- 
ficulty learning novel relational nouns denoting concepts like passen- 
ger. Even when they were explicitly told (for example) “This one is 
_ a blicket PECAUSE IT IS RIDING IN A CAR,” children tended to 
interpret tne novel noun as referring to the object category. 

To give children the maximal opportunity to see common rela- 
tional structure across different instantiations, Gentner and Kliban- 
off (2002) used a combination of comparison and labeling. Three-, 
four-, and six-year-olds were shown picture cards and heard a novel 
relational noun used in two parallel contexts—for example, “The 
knife is the blick for the watermelon, and the ax is the blick for the 
tree.” Then they were asked to decide on its referent in a third con- 
text, as in “What would be the blick for the paper?” They then chose 
between three picture cards: a pair of scissors (same-relation (cor- 
rect)), a pencil (thematic), and another piece of paper (taxonomic). A 
control group saw the same examples without the novel relational 
word—for instance, “The knife goes with the watermelon, and the 
ax goes with the tree the same way. What would go with the paper 
the same way?” If common word names encouraged deeper com- 
parison processes, and/or encouraged children to retain the results 
of their comparison process more firmly, children in the Word con- 
dition should outperform those in the No-Word condition. If, in 
contrast, the word invited attention to object properties, children in 
the Word condition should perform no better, and perhaps even 
worse, than those in the No-Word condition. 

Results showed that 3-year-olds seldom selected the relational in- 
terpretation in either condition. However, both 4- and 6-year-olds 
hearing novel relational nouns were more likely to successfully choose 
the same-relation card than were their counterparts in the No-Word 
control condition. These studies suggest that by the age of 4, chil- 
dren can learn the meanings of nove] relational nouns in supportive 
contexts by abstracting common relations across situations. 


17.5.4 Learning Spatial Terms 


Bowerman and Choi (2001) make a case for comparison as an 
important mechanism of acquisition for spatial-relation terms. They 
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note that different languages carve up the arena of spatial relations 
very differently, with meanings that crosscut each other in complex 
ways, undermining the possibility that spatial words are mapped. 
directly to prelinguistic spatial concepts (Mandler 1992, 1996). (As 
noted above, this kind of crosslinguistic semantic variability is char- 
acteristic of relational meanings (Gentner 1982), so the implications 
extend well beyond spatial terms.) For example, the Korean verb 
kkita denotes bringing three-dimensional objects with complemen- 
tary shapes into an interlocking, tight-fitting relationship. It crosscuts 
the English categories of pui in and put on, and extends to other 
situations as well. (For additional examples of crosscutting spatial 
categones from the Tzotzil and Tzeltal Mayan languages, see also 
Bowerman, de Leén, and Choi 1995; de Leén 1999, 2001; Brown 
2001.) 

Such linguistic variability implies that children must monitor usage 
in order to discover which conceptual distinctions their language 
marks. Further, Bowerman and Choi (2003) note that children’s 
overextension errors vary across languages in ways that reflect the 
semantic and statistical properties of the linguistic input. They pro- 
pose that children construct the meaning of a word by carrying out 
comparisons across the observed referent situations. They note that 
“according to Structure-mapping theory, abstract relational concepts 
can emerge through a process of carrying out comparisons between 
exemplars. In the process of comparing, the learner tries to align 
structured conceptual representations with each other and to iden- 
tify the ways in which they are similar and different” (Bowerman and 
Choi 2003, 407). This idea is consistent with R. Brown’s (1958, 210) 
point that repetitions of a word across contexts “will orient the player 
toward contemporaneous stimuli and will tell him when the impor- 
tant nonlinguistic stimuli recur.” 

Evidence in support of this comparison-based construction of 
meaning comes from Bowerman and Choi’s investigation of Dutch 
and English children’s acquisition of the out-off distinction. Both 
languages distinguish between removal from containment (wif or oud) 
—for example, Legos out of a bag, cars out of a box)—-and removal 
from a surface (af or off), as in lid off a pot, clothing off the body. 
English-speaking children from the age of 2 on up systematically 
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distinguish these; however, Dutch children in all age groups mas- 
sively overgeneralize uit “out” to removals from surfaces (Bowerman 
and Choi 2001; Choi 1997). This is a striking difference, given the 
similarity of the languages in this area. Bowerman and Choi (2003) 
trace this population difference in overgeneralization to a minor (from 
the adult perspective) difference between the Dutch uit and English 
out. In Dutch, w#é is used for the removal of clothing items, whereas 
English uses off for removing clothing (which maps to removal from 
an exterior surface). Although adult Dutch speakers treat the 
“clothing” usage of uit as a separate word sense, distinct from the 
larger meaning of removal from a container, children have no way 
to “wall off” this use of uit for clothing removal (a high-frequency 
and salient event in their lives). As Bowerman and Choi point out, a 
comparison process like the one postulated here would lead to the 
child’s comparing the various situations named by uit. But when the 
child compares removal from surface contact (as in clothing removal) 
with removal from a container, the meaning arrived at is so general 
that the child comes to see the term uit as applicable to virtually any 
removal] situation—leading to the observed overgeneralization. 


17.6 Contrast, Alignment, and Word Learning 


Additional evidence supporting the claim that comparison facilitates 
word learning comes from studies that employ the use of contrast 
(including contrastive labeling and contrastive information) to help 
children learn and refine their word meanings. The notion that 
alignment can facilitate awareness of critical differences as well as 
commonalities has been well documented. To make this more spe- 
cific, work by Gentner, Markman, and their colleagues has demon- 
strated that during comparison, alignable differences—that is, those 
that are connected to the common structure, which typically vary 
along a single common dimension or differ in the same structural 
element—are easier to notice than nonalignable differences—those not 
connected to the common structure. When subjects are asked to 
list differences between two concepts, more alignable differences 
tend to be listed than nonalignable differences (Markman and 
Gentner 1993). For example, subjects asked to list the differences 
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between a car and a motorcycle were more likely to say that cars have 
four wheels while motorcycles have two (an alignable difference) 
than to mention that cars have doors while motorcycles do not (a 
nonalignable difference). People also find it easier to list a difference 
for similar pairs (which have many alignable differences) than for 
dissimilar pairs (which have few alignable differences; Gentner and 
Gunn 2001; Gentner and Markman 1994). And finally, following a 
similarity comparison of a pair of pictures, an object that was align- 
ably different serves as a better retrieval cue than does an object that 
was nonalignably different (Markman and Gentner 1997; Stilwell and 
Markman 2001). 

Eve Clark (1988, 1990, 1991, 1993) has argued that contrast plays 
an important role in lexical development. The use of contrast involves 
reasoning that is not specific to language and might be inferred from 
general cognitive capacities (such as alignment) in conjunction with 
observation of human behavior. For example, if familiar words like 
cat and dog are used to refer to familiar objects, and a novel word 
zebra is used to refer to a novel object, this use of words may cue the 
child that the word zebra contrasts with cat and dog and is therefore 
likely to be a count-noun term for the same level of category as cat 
and dog. Note that lexical contrast will be of relatively limited utility 
early in development, but will increase in power as the number of 
words in a child’s lexicon increases. 

Further evidence for the use of contrast as a source of word 
learning comes from the fast-mapping results of Carey and Bartlett 
(1978). Children were shown two objects and were asked to “get the 
chromium one. Not the red one, the chromium one.” In this study, 
children correctly ascertained that the “chromium” object was the 
nonred one, and subsequently extended the term chromium to other 
similarly colored objects. Other studies by Au and Laframboise 
(1990), Saylor, Baldwin, and Sabbagh (chapter 16, this volume), 
Gelman and Markman (1985), Heibeck and Markman (1987), Kli- 
banoff and Waxman (2000), Landau and Shipley (2001), Waxman 
and Booth (2001), and Waxman et al. (1997) provide similar dem- 
onstrations that providing an alignably different contrastive entity 
facilitates children’s mapping of a novel word to the correct aspect of 
meaning. 
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For example, Waxman et al. (1997) find that contrastive informa- 
tion invites differentiation into subordinate categories such as the 
differentiation of kinds of dogs. The experimenter introduced three 
subordinate kinds and told children a prope=ty of each subkind 
(e.g., “this one helps us herd sheep”). If the properties introduced 
for the three subkinds were nonalignable (e.g., one “has five babies 
at a time,” another “has two kinds of muscles,” and the third “helps 
us herd sheep”), the children extended the third fact throughout 
the basic-level category. However, if the properties were alignable— 
that is, they varied along a single dimension (e.g., one “helps us find 
birds,” another “helps us pull sleds,” and the third “helps us herd 
sheep”)--then children appeared to form distinct subcategories: 
they restricted further inferences to the subcategories rather than 
extending them throughout the basic-level category. The contrastive 
information provided the impetus to form appropriate subkinds. 
Thus, structural-alignment processes not only support insight into 
the commonalities that link exemplars into categories, but-—when 
alignable differences are revealed—they can also invite differentia- 
tion into subcategories. 

One interesting potential use of contrast is in providing correction 
to children’s lexical usage. Eve Clark has challenged the much-cited 
claim that children receive no negative evidence about key aspects 
of language. Clark argues that parental input may be an important 
source of feedback and contrast that aids children’s language devel- 
opment (see also Huttenlocher et al. 2002). Clark suggests that 
parents often provide feedback after a child’s utterance by modeling 
the correct construction. Comparing and contrasting their own (in- 
correct) utterance with the adult’s (correct) utterance may enable 
children to identify the components of the sentence that are mis- 
taken and correct them. Clark (1998) provides the following exam- 
ples of parents providing implicit contrastive language that directly 
influences children’s use of words. 


Child A (2;4) wants to have an orange peeled 


A: Fix it. 
Mo: You want me to peel it? 
A: Peel it. 
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Child D (2;5) (as his father swings him in his arms near top of stairs) 
D: Don’t fall me downstairs! 

Fa: Oh, I wouldn't drop you downstairs! 

D: Don’t drop me downstairs! , 


17.7 Comparison and the Development of Grammar 


Might the same comparison processes that facilitate children’s lexical 
acquisition also contribute to children’s ability to derive grammatical 
regularities? That is, could comparing structurally similar sentences 
highlight the relational commonalities that characterize grammatical 
constructions? Although these ideas are largely untried, there are 
some intriguing lines of evidence that suggest that this may be a di- 
rection worth pursuing. Two crucial aspects of grammar that must be 
learned are the serial transition probabilities and the regularities 
across sentences (Gomez and Gerken 2000). There is considerable 
evidence that 7- or 8-month-old infants can learn transition proba- 
bilities (Saffran et al. 1999; Saffran, Aslin, and Newport 1996). Fur- 
thermore, infants can learn relational regularities in speech stimuli 
through intensive serial comparison (Gomez and Gerkin 1999; Mar- 
cus 1999; Marcus et al. 1999). That is, infants can abstract a relational 
pattern across a set of sequences of syllables that have the same 
structure. For example, when 7-month-old infants are habituated to 
sequences with an ABA pattern—as in pa-ti-pa, bo-fe-bo, and so on— 
the infants will distinguish between new sequences of syllables in 
the same pattern (de-mo-de) versus a different pattern (de-de-mo). This 
suggests that they are deriving the common relational structure over 
the initial set with repeated exposure to the pattern. 

Kuehne, Gentner, and Forbus (2000) have shown that this phe- 
nomenon can be modeled by a domain-general analogical learn- 
ing process that utilizes progressive structural alignment. This 
model uses SME (the structure-mapping engine) (Falkenhainer, 
Forbus, and Gentner 1989) embedded in a simulation of abstraction 
over examples called SEQL (Skorstad, Gentner, and Meain 1988). 
SEQL carries out repeated comparisons across a set of items, and in 
so doing abstracts commonalities—in particular, common relational 
structure—-among the items. In a simulation of the Marcus et al. 
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results, the model receives exactly the same set of forty-eight 
sequences that infants received—sixteen ABA patterns, three times 
each (coded in terms of twelve phonemic features per syllable). 
SEQL’s progressive alignment across these exemplars results in 
“wearing away” the specific phonological features of the syllables, 
preserving the common structure. When SEQL is then given the 
same test sequences (with new syllables) that the infants received, it 
shows that it has abstracted the regularity in two ways: (1) it com- 
putes a lower similarity for sequences in the new (AAB) pattern than 
for sequences in the old (ABA) pattern, and (2) it attempts to make 
inferences to the new pattern (based on its stored regularity) that 
are false. For example, it will infer that the third syllable of gee-do-do 
should be the same as the first—an expectation that will be dashed 
for the new sequences, leading to a violation of expectancy. Unlike 
many connectionist models of this phenomenon, SEQL does not 
require supervised learning. Its comparison processes naturally lead 
to abstraction across examples. The success of this model suggests 
that structure-mapping processes may be able to capture important 
aspects of rule learning. Thus the results of the infant grammar 
studies could be seen as evidence for a domain-general structural- 
alignment process that is already present in infancy (Gentner 2003). 

A second line of support for the idea that structural alignment and 
mapping may contribute to grammar learning is that children’s early 
grammatical knowledge often appears highly conservative, mimick- 
ing the pattern of learning found in other cases of learning by com- 
parison (Gentner and Medina 1998; Ross and Kennedy 1990; Medin 
and Ross 1989). Tomasello (2000) suggests that structural alignment 
may be a critical mechanism by which generative patterns and ab- 
stract linguistic constructions might be derived. He speculates that 
children go through several phases of alignment to move from an 
initially highly conservative, verb-specific understanding of construc- 
tions to an increasingly more abstract understanding of linguistic 
structure (Tomasello and Brooks 1999). According to Tomasello’s 
(1992) “verb-island” hypothesis, children first learn constructions in 
connection with specific verbs. A child might be able to use the pas- 
sive form with push but not with kiss, and the past tense with kiss but 
not with push. Later, children begin to align and connect these verb 
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islands, noticing that different verbs may be used in similarly struc- 
tured sentences. This process of alignment yields a more abstract 
and generalizable notion of a linguistic construction such as the 
passive. 

Fisher (1996, 2000) proposes another way alignmen: may enter 
into grammar learning. Her studies suggest that structural analogies 
between form and meaning-——for example, the parallel between the 
transitive sentence form and an agentive event—are a source of early 
understanding about verb grammar. These approaches to grammar 
learning utilize general cognitive mechanisms to account for the 
gradual development of grammatical competence. 


17.8 Future Directions 


Our research program seeks to derive greater specificity about the 
nature of the comparison mechanism and the circumstances that 
elicit it. We are currently manipulating a range of factors to better 
understand children’s use of comparison to extract relational com- 
monalities among a word’s referents. Our research program explores 
the range of comparisons that might facilitate lexical and conceptual 
development. For example, does the degree of similarity between 
the two standards influence the likelihood of aligning and the ease 
with which relational commonalities are gleaned from the alignment 
process? We are currently investigating whether there is an optimal 
level of similarity among objects that is perceptually similar enough 
that surfacelevel commonalities are present to invite comparison, 
but distinct enough to encourage looking beyond those surface com- 
monalities to a relational alignment. 

Based on findings from the adult literature that alignment facili- 
tates attention to subtle differences among classes of objects as well as 
to commonalities (Markman and Gentner 1993; Gentner and Gunn 
2001), we also plan to examine the use of alignment in revealing 
distinctions among categories. For example, how does alignment 
operate in enabling children to distinguish subordinate categories 
within a familiar basic-level category? 

We are also exploring how the temporal and spatial proximity of 
the standards to be compared mediates comparison. In the tasks 
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conducted thus far, the standards are always presented in spatial and 
temporal contiguity. However, in real-world learning, juxtapositions 
are not always so felicitous. What happens if the child encounters 
exemplars at different times or in different spatial contexts? We are ~ 
also exploring whether children must receive explicit input encour- 
aging comparison, or whether the process is automatically invoked 
when the same word is applied to a sufficient number of similar 
exemplars. 


17.9 General Implications 


The results of the studies reviewed above suggest that domain- 
general processes are potent in children’s word learning. Our work 
indicates a central role for structure-mapping processes in the ac- 
quisition of the lexicon and the construction of a conceptual taxon- 
omy, and possibly even in the development of grammar. Of course, 
the research reviewed above also underscores the importance of 
other domain-general processes such as Childers and Tomasello’s 
(2002) finding that spaced learning is superior to massed learning 
of word meanings; learning of transitional probabilities (Saffran, 
Aslin, and Newport 1996); Samuelson and Smith’s (1998, 2000) 
findings on general attentional mechanisms; and demonstrations of 
the importance of social-referential cues to word learning (Baldwin 
1993; Campbell and Namy 2003; Tomasello, Strosberg, and Akhtar 
1996). 

It remains an open question whether domain-specific principles 
are also necessary to account for language learning, and if so, for 
which aspects. Certainly the complexity of structure evidenced in 
adult language seems to call for something beyond ordinary learning 
processes. On the other hand, the application of structure mapping 
and the other general mechanisms discussed here is still in its in- 
fancy. It is too soon to say how far these general processes can go, 
and whether and where domain-specific learning processes are nec- 
essary to explain language acquisition. 

In summary, our review reveals an important role for general 
learning processes in the acquisition of the lexicon. Specifically, 
we explored the effects of structure-mapping processes. We found 
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evidence that the process of structural alignment facilitates the 
discovery of commonalities and the concomitant deepening of word 
meanings. Structural alignment also promotes differentiation—for 
example, noticing alignable differences can invite the formation of 
subcategories. We suggest that general learning mechanisms, partic- 
ularly structure-sensitive mechanisms that can reveal relational pat- 
terns, are an important force in the acquisition of meaning. 
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